Abstract Prevalence of faecal coliform bacteria and the survival of Escherichia coli, Vibrio parahaemolyticus and Salmonella paratyphi were studied in the water and sediment from Vembanadu Lake in the presence and absence of protozoan predators. The density of faecal coliform bacteria ranged between mean MPN value 5080-9000/100 ml in water and 110,000-988,000/1 g in sediment (p < 0.01), which was 110 times greater than in overlying water. The laboratory microcosm studies revealed that E. coli, V. parahaemolyticus and S. paratyphi showed significantly higher survival (p < 0.05) potential in sediment than in overlying water both in the presence and absence of protozoan predators. The results indicate that Vembanadu Lake sediment constitutes a reservoir of pathogenic bacteria and exhibits potential health hazard from possible resuspension and subsequent ingestion during recreational activities. Therefore, assessment of bacterial concentration in freshwater lake sediments used for contact and non-contact recreation is of considerable significance for the proper assessment of micro- bial pollution of the overlying water and the management and protection of related health risk at specific recreational sites. In addition, assessment of the bacterial concentration in sediments can be used as a relatively stable indicator of long-term mean bacterial concentration in the water column above.
Introduction
Microbial contamination of freshwater resources and associated waterborne infections due to various exposure routes are still a major problem in many parts of the world including India. Untreated or only partly treated wastewaters including industrial, agricultural and domestic wastes released into the rivers and lakes are the major pathway of enteric bacterial pathogens. The long-term survival of these organisms in natural waters constitutes a significant public health concern because of the dangers they pose to humans through consumption and recreation. Faecal pollution originates from a variety of human and non-human sources, but contamination from human faecal material is generally considered to be a greater risk to human health as it is more likely to contain human enteric pathogens (Scott et al. 2003) . Over 250 million cases of gastroenteritis and respiratory diseases and 5-10 million cases of hepatitis are reported annually from coastal regions all over the world (Clark et al. 2003) . Contact with bathing waters with high concentrations of E. coli is documented in epidemiological studies as being associated with an increased risk of contracting gastrointestinal disease (Kay et al. 1994; Fleisher et al. 1993) . Even though surface water is being getting polluted, all natural systems have got their own natural self-purifying capacities owing to various physicochemical and biological factors (Abhirosh and Hatha 2005; Abhirosh et al. 2009 ).
In India, almost three quarters of a billion people live in rural areas without access to safe drinking water and waterborne infections are a major cause of morbidity (Patil et al. 2002) . Diseases such as enteric fever and diarrhoeal diseases are highly endemic to India and are major public health problems among children under the age of five years. The Planning Commission in its report 'India Assessment 2002-Water Supply and Sanitation' acknowledges that mortality and morbidity levels due to waterborne diseases in the country are unacceptably high www.cseindia.org/programme/health/pdf/conf2006/a1water. pdf. On a global basis, around 2 million deaths per year are attributed to waterborne diseases, and especially to diarrhoea in children (Gordon et al. 2004) . Similarly, typhoid fever caused by S. enterica serotype typhi and paratyphi is a common infectious disease occurring in all the parts of the world with its highest endemicity in certain parts of Asia, Africa, Latin America and the Indian subcontinent with an estimated incidence of 33 million cases each year (Threlfall 2002) .
E. coli is considered a typical faecal indicator bacteria and its presence in natural waters indicates the possible presence of enteric pathogens. V. parahaemolyticus is a natural inhabitant of marine and estuarine environments, which has been recognized as an important cause of food-borne illness in Asia and United States and most of the outbreaks are associated with consumption of raw or undercooked shellfish (Daniels et al. 2000) . Although international efforts to control diarrhoeal diseases were launched by WHO (Synder and Merson 1982) , the Indian subcontinent is still known as the 'home of cholera'.
The present study has been carried out in Vembanadu Lake that lies 0.6-2.2 m below mean sea level (MSL) along the west coast of India (9 • 35 N 76 • 25 E) and has a permanent connection with the Arabian Sea at Barmouth region (Fig. 1) . As the north-east monsoon recedes, the area is exposed to tidal incursion of saline water from the Arabian Sea. In order to prevent the saline incursion during certain periods of the year, a salt-water regulator is constructed in the lake. It divides the lake into a freshwater region on the southern part and a saline lagoon on the northern part. When the regulator is closed, there is virtually no flow of water beyond it making the southern region a static pool. The periodic tidal inflow, which used to flush the water body is completely prevented with the result that the drained water from the surrounding rice fields and human dwellings with heavy load of pollutants remains stagnant in the water body. On the other hand, over 1.6 million people directly or indirectly depend on it for various purposes such as agriculture, Fig. 1 Map showing Vembanadu Lake and sampling locations fishing, transportation and recreation. A large population of the area is facing severe scarcity of drinking water because of the saline nature of the groundwater and the lake serves as the only source of freshwater. As a result, water-related diseases are very common in this region, particularly in young children, but none of them were reported officially. The major source of microbial contamination of the lake is from the direct discharge of faecal waste from nearby houses and houseboats, dumping of animal carcasses after slaughtering process and sewage from market place, etc.
